Introduction {#Sec1}
============

Anorexia nervosa (AN) has a range of severely detrimental effects on physical wellbeing \[[@CR1]\], and the highest mortality rate of any psychiatric condition \[[@CR2]\]. These adverse outcomes arise from individuals with AN consistently restricting their intake, such that a significantly low weight is maintained \[[@CR3]\].

The inadequate calorie intake of individuals with AN is supported by rituals surrounding restrictive eating, exercise and weight monitoring. At mealtimes individuals with AN tend to eat in very particular ways, for example cutting food into tiny pieces, and completing meals extremely slowly \[[@CR4]\]. Engagement in rule-driven and repetitive schedules of exercise \[[@CR5], [@CR6]\], and body checking, or stereotyped weight monitoring behaviour \[[@CR7]\], is also common to individuals with AN. It is thought that body checking behaviours foster fears and preoccupations with eating and weight-gain, to encourage the continued dietary restriction that is achieved directly by eating and exercise behaviours \[[@CR8], [@CR9]\].

The rituals surrounding restrictive eating, exercise and weight monitoring are maladaptive for individuals with AN given their need to gain weight. Individuals with AN report having little control over the rituals, and feeling a "need" to engage in them, despite often simultaneously expressing desires to recover \[[@CR10]\]. As such, the rituals endorsed by individuals with AN are suggested to be compulsive \[[@CR11]\], compulsivity defined as a trait promoting the persistent repetition of actions that have adverse outcomes \[[@CR12]\]. Further, compulsions are well characterised to possess a strong urge-like quality \[[@CR13]\]. Given their role in maintaining the low weight of individuals with AN, it would be useful to address compulsive behaviours surrounding restrictive eating, exercise and weight monitoring in AN treatment. For this to be possible; however, the determinants of compulsions must be identified.

Existing literature suggests that AN psychopathology (drive for thinness/restriction, and eating/weight concern \[[@CR3], [@CR14]\]) and trait anxiety predict engagement in compulsive behaviour surrounding restrictive eating, exercise and weight monitoring. AN psychopathology is associated with more frequent body checking, and compulsive exercise, in clinical and community samples \[[@CR15]--[@CR18]\]. Using a novel measure of compulsive starvation, Godier and Park \[[@CR19]\] found this construct to be positively associated with AN psychopathology in a healthy control (HC) and AN group. The severity of rituals surrounding restrictive eating, exercise and weight monitoring, in terms of the interference with daily functioning and distress caused, also increases with greater AN psychopathology \[[@CR20]\].

Trait anxiety is positively associated with restrictive eating behaviour \[[@CR21]\] and compulsive exercise \[[@CR22]\] in AN populations, and with compulsive exercise in community samples \[[@CR23]\]. Furthermore, trait anxiety predicts a greater frequency and duration of episodes characterised by high levels of state anxiety \[[@CR24]\], and state anxiety is associated with an increased likelihood of engaging in restrictive eating, exercise, and weight monitoring behaviour in individuals with AN \[[@CR25]--[@CR27]\]. The role of anxiety in behaviour typical of AN is particularly important to clarify, given treatment tends to focus on weight-restoration and addressing eating disorder specific cognition, as opposed to more general psychopathology.

The current study aims to confirm the presence of compulsions surrounding restrictive eating, exercise and weight in AN. In addition, the study will evaluate the relationships of AN psychopathology and trait anxiety with compulsive behaviour typical of AN in a clinical and community population, with a view to informing how AN behavior may be maintained. It was hypothesised that greater levels of AN psychopathology, and greater levels of anxiety, would be associated with greater engagement in compulsions typical of AN -- in AN and HC groups.

Methods {#Sec2}
=======

Data sources {#Sec3}
------------

Data for the present study was originally collected to investigate memory and perception of body image in AN \[[@CR28]\]. The study was completed at the Regional Department for Eating Disorders (RASP), Oslo, Norway, and approved by the Regional Ethical Committee for Medical Research. Informed written consent was obtained from all participants, or from parents of participants when participants were under the age of 16 (the legal age at which consent may be provided in Norway).

Participants {#Sec4}
------------

Fifty females with AN were included in the original study, recruited from 5 specialist eating disorder units in Norway (inpatient and outpatient). Once AN participant recruitment was complete, 35 healthy adolescent/young adult females (HC) from schools and universities local to RASP were recruited. This group was selected on the basis of having a similar age-distribution to the AN sample.

Participants were excluded from the current investigation if they were missing measures of the study variables. Of the originally recruited participants, 13 individuals (11 AN and 2 HC) had not completed the measure assessing the presence of eating, exercise and weight monitoring compulsions, and one AN participant was missing trait anxiety information.

The AN group were administered the Eating Disorder Examination, based on the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV \[[@CR29]\]), to validate diagnoses. Duration of illness was assessed by way of self-report questionnaire. Height and weight of AN participants was assessed by clinical staff and reported to researchers if participants consented, for calculation of body mass index (BMI). Seven of the recruited AN group were excluded from the current investigation because records indicated that they did not meet any AN criteria (*n* = 3), or did not experience psychopathology that is typical of AN (*n* = 4). The Norwegian translation of the Eating Disorders Examination self-report, the EDE-Q \[[@CR30]\], was used to screen HC for AN psychopathology. Three HC were excluded because their global EDE-Q scores were above four, thus indicating clinically significant AN psychopathology. The EDE-Q is described further in the measures section. Researchers recorded the BMI of HC during the study assessment, following height and weight measurement.

Participants of the current study comprised 31 AN, and 31 HC, who were aged between 14 and 27. Of the AN group, 20 participants met all DSM-IV criteria for AN. Eleven individuals with AN had a bodyweight that was higher than 85% of that expected, due to weight increases resulting from hospital treatment, and/or did not meet menstruation criteria. These participants were included. Amenorrhea is no longer a criterion for AN \[[@CR3]\], and we were interested in the factors underlying engagement in maladaptive behaviour that can persist following weight-gain. There were no significant differences in trait anxiety, AN psychopathology, and endorsement of eating, exercise and weight-related compulsions, between individuals meeting full versus partial criteria for AN.

Measures {#Sec5}
--------

### Explanatory variables {#Sec6}

Trait anxiety was measured by the trait anxiety subscale of the State-Trait Anxiety Inventory (STAI; \[[@CR31]\]). AN psychopathology was indexed by global score on the Norwegian translation of the EDE-Q \[[@CR30]\]. The EDE-Q assesses AN psychopathology: desire for thinness and weight-loss; fears surrounding eating and weight-gain; and dissatisfaction and preoccupation with weight, shape and eating. The global score is the average of four subscales: restraint; weight concern; shape concern; and eating concern. Both the EDE-Q and STAI are well established to have excellent psychometric properties and are commonly used to assess the constructs of interest \[[@CR32]--[@CR37]\]. The Norwegian translation of the EDE-Q has demonstrated satisfactory psychometric properties \[[@CR38]\].

### Outcome variable {#Sec7}

The presence of eating, exercise and weight monitoring-related compulsions was assessed by the compulsions severity subscale of the Child Obsessive Compulsive Inventory (ChOCI; \[[@CR39]\]). In particular, we were interested in responses to the question that asks participants to name their 3 most severe, or upsetting, compulsions. Responses to this question indicated the extent to which participants experience severe compulsions related to eating, exercise or weight monitoring. Participants are guided that a compulsion is something they feel they 'have to do and cannot stop' to ensure relevant behaviours are reported. The ChOCI is reported to reliably and validly measure obsessive and compulsive symptom severity in adolescents \[[@CR39]\], and so was deemed appropriate for use in a mid-adolescent/early adulthood sample.

An independent rater determined whether named compulsions were related to restrictive eating, exercise or weight monitoring. The number of such compulsions was recorded, to comprise the count variable 'restrictive eating, exercise and weight monitoring compulsions', which had possible values of 0 to 3. The presence of restrictive eating, exercise and weight monitoring compulsions is a marker of abnormal behaviour, as opposed to cognition, surrounding eating, exercise, and weight.

Data preparation and analysis {#Sec8}
=============================

All analyses were conducted using the statistics program Stata \[[@CR40]\]. Mean AN psychopathology and trait anxiety, of AN and HC, was compared using *t* tests. The number of restrictive eating, exercise and weight monitoring compulsions of AN and HC groups was compared using a Chi-square test. The correlation between AN psychopathology and trait anxiety, both unadjusted and adjusted for diagnostic status, was calculated.

Univariable (single predictor) poisson regression models estimated the association of the predictors AN psychopathology and trait anxiety with the compulsions count variable. A multivariable poisson regression model, adjusted for diagnostic status (i.e., AN versus HC), assessed the independent association of each predictor variable with the compulsions outcome. Model coefficients indicate the increased log of expected compulsions count per one unit increase in the predictor. The coefficients were exponentiated to produce incidence rate ratios, indicating the increase in expected compulsions count per one unit increase in the given predictor.

Exploratory analyses assessed whether there was a difference between AN and HC groups in the association of predictors (trait anxiety and eating disorder psychopathology) with restrictive eating, exercise and weight monitoring compulsions. This was achieved by adding relevant interaction terms to the poisson regression model. The sample size was such that interaction effect coefficients could not be estimated with confidence, and outcomes of this analysis are not reported; further details are available upon request.

Results {#Sec9}
=======

Sample characteristics {#Sec10}
----------------------

Table [1](#Tab1){ref-type="table"} details the demographic and clinical characteristics of the sample. AN psychopathology was much higher in AN as compared to HC (Cohen's *d* for between group differences = 3.00), as was trait anxiety (Cohen's d for between group differences = 3.22). Individuals with AN also reported a greater number of compulsions compared to HC.

Table 1Participant characteristicsWomen with AN (*N* = 31)Healthy women (*N* = 31)*T* statistic (*p*)*M* (SD)*M* (SD)Age^a^19.6 (3.27)18.6 (3.71)1.10 (0.28)BMI (kg/m^2^)^b^16.33 (2.13)21.78 (2.73)8.58 (\< 0.001)Duration of illness (months)32 (27.55)AN psychopathology3.62 (1.09)0.81 (0.75)11.87 (\< 0.001)Trait anxiety62.81 (7.23)37.10 (8.68)12.68 (\< 0.001)Count (*N*)Count (*N*)*χ*^2^ statistic (*p*)Number of eating, exercise and weight monitoring compulsions 082622.60 (\< 0.001) 1104 271 360^a^Precise age information was missing for one HC^b^BMI data for one AN participant, and two HC, was missing

Preliminary analyses {#Sec11}
--------------------

AN psychopathology and trait anxiety were correlated (*R* = 0.82, *p* \< 0.001). This association remained but was much weaker when adjusting for diagnostic status (*R* = 0.20, *p* = 0.12). Greater AN psychopathology and trait anxiety were associated with an increased rate of eating, exercise and weight monitoring compulsions in univariable models (Table [2](#Tab2){ref-type="table"}).

Table 2Univariable poisson regression models for the prediction of restrictive eating, exercise and weight monitoring compulsions by trait anxiety and AN psychopathologyUnivariable regression of compulsionsCoefficient estimatesModel statisticsExplanatory variable*B*SEIncident rate ratio \[95% CI\]*p* value*χ*^2^ (*df*)Pseudo *R*^2^Model 1AN psychopathology0.460.101.59 \[1.31, 1.93\]\< 0.00125.96 (1)*p* \< 0.0010.17Constant− 1.570.370.21 \[0.10, 0.42\]\< 0.001Model 2Trait anxiety0.060.011.06 \[1.03,1.08\]\< 0.00126.52 (1)*p* \< 0.0010.17Constant− 3.350.740.03 \[0.01, 0.15\]\< 0.001

Main analyses {#Sec12}
-------------

The multivariable regression model accounted for 21.0% of the variance in the count of restrictive eating, exercise and weight monitoring compulsions; *χ*^2^(3) = 32.18, *p* ≤ 0.001. There was no strong evidence to support any of the predictors explaining unique variance in the compulsions outcome. Table [3](#Tab3){ref-type="table"} provides further information.

Table 3Adjusted Multivariable poisson regression model for the prediction of restrictive eating, exercise and weight monitoring compulsions by AN psychopathology and trait anxietyMultivariable regression of compulsionsCoefficient estimatesModel statisticsExplanatory variable*B*SEIncident rate ratio \[95% CI\]*P* value*χ*^2^ (*df*)Pseudo *R*^2^Diagnostic status (AN)1.190.733.30 \[0.80, 13.68\]0.1032.18 (3)*p* ≤ 0.0010.21AN psychopathology0.140.161.15 \[0.84, 1.57\]0.39Trait anxiety0.010.021.01 \[0.97, 1.06\]0.50Constant− 2.300.880.10 \[0.02, 0.56\]\< 0.01

Discussion {#Sec13}
==========

This study found that individuals with AN endorsed a greater number of restrictive eating, exercise and weight monitoring compulsions compared to HC, supporting behaviours typical of AN being conceptualised as compulsive \[[@CR4]\]. The compulsive nature of disorder behaviours likely promotes the persistence of AN, and thus it is important to understand the determinants of disorder-relevant compulsions in order to develop effective treatment interventions.

The present study particularly sought to understand whether AN psychopathology and trait anxiety predicted compulsive behaviours centred on restrictive eating, exercise and weight monitoring, in individuals with AN and HC. In univariable models, greater AN psychopathology and greater trait anxiety predicted an increased number of AN compulsions. The direction of association was consistent in multivariable models adjusted for diagnostic status, however, the strength of association was reduced and point estimates less precise (for both trait anxiety and AN psychopathology). Neither AN psychopathology nor trait anxiety was able to explain unique variation in compulsion presence beyond that accounted for by diagnostic status. This contrasts with findings of other studies. Previously relationships between AN psychopathology/anxiety and compulsive behaviour surrounding restrictive eating, exercise and weight monitoring have been reported in populations of either AN or HC individuals \[[@CR19], [@CR20], [@CR23], [@CR41]--[@CR43]\]. One plausible cause of the discrepancy is low power in the current study, mainly owing to a relatively small number of participants---a limitation of the present investigation.

The nature of the compulsions outcome variable will also have limited sensitivity to detect an association between this and AN psychopathology/trait anxiety. Assessment of the number of severe compulsions surrounding restrictive eating, exercise and weight monitoring allowed for the capture of different compulsive behaviours typical of AN. This approach promoted validity in the assessment of whether compulsions were present. However, the range of possible responses was limited. Most individuals with AN reported a non-zero number of compulsions, while most HC reported no compulsions, meaning variability in the response was particularly low within diagnostic status categories---which, like sample size, has implications for statistical power. Individual differences would be captured to a finer degree by alternative measures of compulsivity. Future studies might use multi-item scales that separately assess compulsive starvation, compulsive exercise and body checking. Alternatively, studies might investigate the presence and severity of a variety of specific restrictive eating, exercise and weight monitoring compulsions characteristic of AN using the Yale--Brown--Cornell Eating Disorder Scale \[[@CR44]\].

The study has some important strengths, such as the use of strict inclusion criteria to ensure the AN sample was typical of this population, and appropriate modelling of the count outcome variable within poisson regression models. However, given the discussed methodological shortcomings relating to outcome measurement and sample size, we encourage further investigation into predictors of restrictive eating, exercise and weight monitoring compulsions---in AN and HC. In addition to AN psychopathology and trait anxiety, other potentially relevant factors (e.g., cognitive processing style, psychiatric comorbidity) may be studied for their association with compulsive behaviour typical of AN. Ideally studies would be adequately powered to explore interaction effects, to understand how predictors of compulsive behaviour may differ between AN and HC. To gain further insight, it would be useful to compare AN subtypes for severity of various illness-related compulsions, as well as for predictors of these compulsions. Future studies might also examine the mechanisms by which determinants are associated with compulsive behaviour surrounding restrictive eating, exercise and weight monitoring, to identify factors that might most usefully be targeted in AN treatment. For example, in this study anxiety and AN psychopathology were related, consistent with findings from studies in clinical \[[@CR45], [@CR46]\] and subclinical \[[@CR47]\] populations. Should, as has been proposed (e.g., \[[@CR48]--[@CR50]\]), anxiety exert a causal influence on AN psychopathology, and should AN psychopathology in turn cause compulsive behaviour typical of AN, it might be advantageous to address general anxiety (i.e., not that specific to eating and weight-gain) for reduction of both cognitive and behavioural symptoms of AN. Cross-sectional studies such as the present one cannot make inferences regarding the direction of observed associations. For rigorous tests of causal and mechanistic hypotheses longitudinal and experimental designs should be implemented.

Conclusion {#Sec14}
==========

Our findings support AN being characterised as a compulsive disorder, highlighting the importance of identifying determinants of compulsive behaviour surrounding restrictive eating, exercise and weight monitoring to inform AN treatment. The study did not find strong evidence to support trait anxiety or AN psychopathology being associated with greater engagement in compulsive behaviour typical of AN, in a clinical or community population. The direction of the associations that were observed was, however, consistent with findings of previous studies that do support such relationships to exist. The present investigation was underpowered to assess associations robustly, and further investigation is encouraged---particularly using designs able to establish causality and elucidate mechanisms underpinning causal effects.
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